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the effects of these supplements on prostate cancer incidence and
Background: Epidemiologic studies have suggested that vi- mortality.

tamin E and B-carotene may each influence the development ]

of prostate cancer. In the Alpha-Tocopherol, Beta-Carotene Subjects and Methods

Cancer Prevention Study, a contr_olleq trial, we studied the  the ATBC Study was designed primarily to explore the prevention of lung
effect of a-tocopherol (a form of vitamin E) and B-carotene cancer; therefore, all participants were smokers (five or more cigarettes per day).
supplementation, separately or together, on prostate cancer They were recruited from the total male population of 290406, aged 50-69
in male smokers.Methods: A total of 29133 male smokers Ye&rs: residing in southwestern Finland from 1985 through 1988. Subjects with

. prior cancer, serious disease limiting the capacity to participate, or use of vitamin
aged 50-69 years from southwestern Finland were randomly E, vitamin A, orp-carotene supplements were excluded. The rationale, methods,

assigned to receivea-tocopherol (50 mg), B-carotene (20 participant characteristics, compliance, and main results of the ATBC Study
mg), both agents, or placebo daily for 5-8 years (median, 6.1 have been reportef-9).
years). The supplementation effects were estimated by a pro- At baseline, each subject’s medical and smoking history was obtained, height

. . and weight were recorded, and a sample of serum was collected. Dietary intakes
portional hazards model, and two-sidedP values were cal of vitamin E andB-carotene were estimated from a diet history guestionnaire

culated. Results:We fount_j 246 new cases of 5_md 62 deaths(10), while serum concentrations ef-tocopherol and3-carotene were deter-
from prostate cancer during the follow-up period. A 32% mined by high-performance liquid chromatogragiyt).
decrease (95% confidence interval [CI] = —47% to —12%) in Participants (n= 29 133) were randomly assigned within each study area (n

the incidence of prostate cancer was observed among the= 14) to one of the four intervention groups @ftocopherol alone (= 7286),
B-carotene alone (n= 7282), a-tocopherol and3-carotene (n= 7278), or

subjects rece'\./”j‘ga_'tOCOpherOI (n = 14564) (?ompared W'th placebo (n= 7287). The dose af-tocopherol was 50 mg and that@fcarotene
those not receiving it (n = 14 569). The reduction was evident was 20 mg as a single capsule daily. The study agents were syntietic

in clinical prostate cancer but not in latent cancer. Mortality  tocopheryl acetate (50% powder) and synth@ticarotene (10% water-soluble
from prostate cancer was 41% lower (95% CI = —-65% to beadlets) provided by Hoffmann-La Roche Ltd., Basel, Switzerland. A two-by-

_10/) amona men receivinaa-tocopherol. Amona subiects two factorial design allowed assessment of both agents independently. Thus, one
0 9 ga p ' 9 | half of the participants receivedtocopherol (n= 14 564) and one half did not

receiving B-carotene (n = 14 560), prostate cancer incidence i = 14569). Similarly, one half of the participants receiy@darotene (n=
was 23% higher (95% CI = -4%-59%) and mortality was 14 560) and one half did not (& 14 573). Capsule supplementation continued

15% higher (95% CI = —-30%—-89%) compared with those for 5-8 years (median, 6.1 years) until April 1993, with a total of 169 247

i ; — ; person-years. None of the participants were lost to follow-up.
not receiving it (n = 14573). Neither agent had any efect on During their visits to the local study centers three times a year, the participants

the time interval between diagnosis and deathConclusions: ere asked about their medical contacts, including physician-diagnosed prostate
Long-term supplementation with a-tocopherol substantially cancer and prostatic hyperplasia. We identified those participants diagnosed with
reduced prostate cancer incidence and mortality in male prostatic hyperplasia at a hospital through the national Hospital Discharge Reg-
smokers. Other controlled trials are required to confirm the ister, which documents all hospitalizations in Finland. Participants were also

. AN, asked about their self-perceived skin yellowing, which occasionally can disclose
findings. [J Natl Cancer Inst 1998;90:440-6] blindness of3-carotene supplementation. The remaining capsules were returned

at each visit, and overall capsule compliance was estimated by dividing the total

Clinical prostate cancer incidence and mortality vary greatly
between populations, whereas the prevalence of latent cancer at

autopsy is remarkably simile(ﬂ—3) Wide geographic variation *Affiliations of authors:O. P. Heinonen, Department of Public Health, Uni-
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number of nonreturned capsules by the number of days in the trial. Four of fimg cancer incidencéd,17)—by analyzing nondrinkers as one category and
participants received more than 95% of their capsules while in the trial. THeinkers in tertiles. The results were also adjusted for age, number of cigarettes,
dropout rate (including 3570 deaths) was 31%; contact with the surviving drogears of smoking, and fat intake.
outs was maintained to the end of the sty@dy9). The interaction between prostatic hyperplasia and supplementation’s effect on
A follow-up blood sample was taken after 3 years of supplementation. Prggostate cancer was tested by the proportional hazards model, using hyperplasia
tate-specific antigen was determined by an immunofluorometric métt®ychs  as the time-dependent covariate. The effect of self-perceived skin yellowing was
an indirect measure of prostate enlargement from the baseline in paired basefi@Juated by comparing the 1-year incidence of prostate cancer, after visits at
3-year serum samples from 230 randomly selected men without diagnosed ¢dich skin yellowing was reported, to the incidence following visits without
cer. such reported yellowing—as well as by adding skin yellowing to the models of
The study protocol did not include the clinical examination of prostate size 8¢Pplementation effect as a time-dependent covariate. In analyses of participant-
consistency at any time. Prostate cancers=(246) were identified through the reported prostatic hyperplasia a_nd skin yellowmg, the |nFent|on—t0—treat principle
Finnish Cancer Registry and the Register of Causes of Death; both provide cidad to be abandoned because information was not available after study dropout.
to 100% of the case ascertainment nationw(i,14). Cases known to have A hospital-based dlagn95|s of prostatlc hyperplasia was available also for drop-
been diagnosed up to April 30, 1993, are included in this article and case survi4s @nd was evaluated in relation to the supplementation effects according to the
was followed through April 30, 1994. After the initial publication of the ATBClntentlon-to-trea}t principle. L . .
Study (8), three additional prostate cancer cases were reported to the Cancél;he associations between the incidence of prostate cancer and baseline dietary

Registry and an additional seven cases were reclassified as honmalignant |ﬁ)]tae{<es and serum concentrations.efocopherol ang-carotene in the absence

subsequent pathology review. One of the deleted nonmalignant cases was inoﬁ%}pplements were calculated in the placebo group by the proportional hazards
i S - model.
a-tocopherol group and two were in each of the three other initial intervention

gr(lj-il:st%pathologic and cytologic specimens from the patients with prostate c Pna}rticipants gave informed wriFten consent before randpmi_zation, anq their |n
. - - ?erests were upheld by an outside Data and Safety Monitoring Committee twice
cer were obtained for central review from 31 pathology laboratories. Twentg_year throughout the trial.
eight specimens were obtained following open prostatectomy, 74 following

transurethral resection, 91 from needle biopsy, 68 from fine-needle aspiration.R(ésuns

from histologic biopsy of metastasis in various locations, and eight following

autopsy. The slides were reviewed from 1992 through 1993 independently by There were no differences in background factors between the

two pathologists for cancer, histologic type, and histologic/cytologic grade. T'i}‘?tervention groups at baseline (Table 1). Capsule compliance
diagnosis was adenocarcinoma in 98% of 195 cases with one or more histolqgj

C .. . .

specimens. The histologic type could not be specified in two cases because'%&'éj dropout rates were also similar across the intervention

cells were highly anaplastic; one adenocarcinoma diagnosed by a hospital %EQUPS'

thologist was not available for review. Three of four patients with prostate cancer visited a physician
The medical records of the patients with prostate cancer were reviewed ciitially because of urinary symptoms and the remaining (one of

trally for diagnostic confirmation and staging by two clinical oncologists thaour) visited a physician because of other symptoms, but com-

worked independently but who used the results of the central histologic aé'iijained additionally of urinary symptoms or had an abnormal
cytologic review. A diagnosis of prostate cancer was based on histology in 79%

of the patients, on cytology in 19%, and on clinical data only in 2% (four menp_rostate on clinical examination. These rates were similar in all

The proportions of these diagnostic methods did not differ among the tr@Mpplementation groups. Only one case (in the placebo group)
supplementation group® (= .67). A random sample of 84 prostate cancer casewas initially detected through prostate-specific antigen screen-
was rereviewed by a urologist who confirmed all of the diagnoses. i

ing.
Staging was based on the 1992 criteria for prostate cancer of the American : : ., : N _
Joint Committee on Cancéfl5) and was undertaken during 1992 and 1993. Of the 54 patients with clinically inapparent (stage 0-1) can

Stage 0 and | tumors include clinically inapparent tumors, stage |l tumors fer 74% had ContaCted a phyS|C|an_pr|mar|Iy be_caus_e_ of ‘,J“”ary
clude clinically apparent tumors confined within the prostate, stage Ill tumo®/Mptoms and, in all but one, carcinoma was identified in the
include those tumors extending through the prostate capsule, and stage IVhistologic sections obtained from transurethral resection; 19%
mors include those tumors fixed into or invading adjacent structures other thgg(d visited a physician primarily because of other symptoms, but

the seminal vesicles and all tumors with regional lymph node or distant metﬁth : :
i ) i e ) o L er complained of urinary symptoms as well or were found to
tasis. This scheme differs from the 1997 revision, which classifies clinically P y symp

inapparent tumors as stage | and which recognizes prostatic intraepithelial neo-
plasia as a distinct disease entitity. In 123 cases, the oncologists considered theble 1. Baseline characteristics (median) of trial participants according to

The study was approved by the review boards of the participating institutions.

clinical examination inadequate to definitely exclude regional lymph node or initial intervention group
distant metastases; of these, 43 cases involved clinically inapparent tumors (o
sification T1) and 80 cases involved clinically apparent tumors (T2 or T3) Intervention group*

without any symptom or sign of tumor dissemination, and thus classified to be

free of regional lymph node or distant metastasis. AT AT+BC BC Placebo

Study staff involved in the end point review or laboratory determinationgo. of subjects 7286 7278 7282 7287
remained blind to intervention assignments until the assessments had been gojfe- y 57.1 57.3 57.2 56.9
pleted. Cigarettes/day 20 20 20 20

The main analyses estimating the effect of the supplementations on prostéguma-tocopherol, mg/L 11.5 11.6 11.5 11.5
cancer incidence and mortality were based on the intention-to-treat principle, ig€rump-carotenep.g/L 168 172 170 171
follow-up and case count continued irrespective of dropout from trial particip§-erumm(;hs‘;|‘?:;eer)?lvkm/nF:]‘)VL 26 815 26 8-18 - 8-14 26 3-15
F|or_1. In these analyses, oth_er cancers were ignored. _Kaplan—Meler cumu!a ota)Il energy intaly<e,gkcallday 5736 2714 2720 5710
incidence curves and two-sidé€dvalues from the unweighted logrank statistic .

o . Total fat intake, g/day 118 117 118 116

are presented for the initial intervention groups and separately forathe Alcohol intake, g/day 11.3 10.8 11.0 10.8
tocopherol and3-carotene recipients and nonrecipients, after testing the intefitamin E intake, mg/day 10.2 10.3 10.3 10.2
action of the agents by the likelihood ratio test. The supplementation effects wgt€arotene intake, mg/day 1.64 1.67 1.65 1.67
estimated by the proportional hazards modd) and are reported as a percent-History of prostatic 3.9 3.9 3.8 4.1

age change with 95% confidence interval (Cl). The supplementation effectshyperplasia, %
possibly modified by baseline factors, were analyzed accordingly, with the &€
tors divided by the median and the quartiles. The effect of alcohol was exploredAT = a-tocopherol supplementation and BE B-carotene supplementa-
in more detail—because of its reported interaction \@gitbarotene in relation to tion.
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have an enlarged prostate during routine digital rectal examinateraction betweem-tocopherol ang3-carotene supplementa-
tion; and 7% were found to have prostate cancer at autoptgn effects (likelihood ratio tes® = .75).

following death from other causes. Of the 192 patients with Among men receivingx-tocopherol, the cumulative inci-
clinically overt (stage 11-1V) cancer, 75% had visited a physiciadence of prostate cancer decreased progressively from the
primarily because of urinary symptoms, and the remaining 258écond year relative to those who did not receiviocopherol

saw a physician for other symptoms but were found to haveaad resulted in a 32% difference (95% &l —47% to —12%)
clinically abnormal prostate that led to a subsequent diagnosigbig. 2). In contrast, an increasing trend in the incidence of
prostate cancer. Visiting a physician because of urinary symm-ostate cancer was observed in men receijagarotene
toms was not related to the trial supplementation (clinically ircompared with those not receiving it, but the 23% difference

apparent and overt cases combinedtocopherol—recipients (95% Cl = -4% to 59%) was not statistically significant
77% versus nonrecipients 72%,= .37;3-carotene—recipients (Fig. 3).
75% versus nonrecipients 73®,= .87). The incidence of clinical tumors (stage 11-1V) decreased by

The overall autopsy rates were similar in the supplementatid% in subjects receiving-tocopherol (95% Cl= -55% to
groups: 52% in thex-tocopherol recipients and 55% in the non—-20%) but increased 35% in subjects receiiagarotene (95%
recipients and 54% in thg-carotene recipients and 53% in theCl = 1%-80%) (Table 2). Neither agent had a statistically sig-
nonrecipients. The same number of autopsies were done amnifigant effect on latent (stage 0-I) cancers. The results remained
patients with prostate cancer whether or not they received similar, even after excluding cases with insufficient information
tocopherol (six versus six) or whether or not they receiged on regional lymph node status or distant metastasis.
carotene (six versus six). Four cases were only diagnosed affhere were 62 deaths from prostate cancer: 11 indthe
autopsy (one in thex-tocopherol pluspB-carotene group and tocopherol-alone group, 12 in thetocopherol plug3-carotene
three in the placebo group). Surgery and other treatments wgreup, 21 in the3-carotene-alone group, and 18 in the placebo
equally distributed across the supplementation groups in th@geup. The mortality from prostate cancer was 41% lower in
cancer patients who subsequently died. There were no surgengn receivingx-tocopherol than in those not receiving it (95%
related deaths. Approximately one half of the patients with pro81 = -65% to —-1%) and 15% higher in men receivifg
tate cancer continued on the trial supplementation regimen aftarotene than in those not receiving it (95% €l —-30% to

diagnosis. 89%). Supplementation did not influence survival time after di-
Of the 246 incident cases of prostate cancer, 43 were in thgnosis.
a-tocopherol-alone group, 56 were in thetocopherol plug3- In 11 of the 14 study areas, the men receivirtpcopherol

carotene group, 80 were in tifiecarotene-alone group, and 67exhibited lower prostate cancer incidence, antbcopherol de-
were in the placebo group. The cumulative incidences are shoereased prostate cancer incidence similarly in subjects whose
in Fig. 1. Compared with the placebo group, the incidence in thackground factors were below or above the median values
a-tocopherol-alone group was 36% lower (95% €1-56% to (Table 3).B-Carotene supplementation increased the risk of
—6%), in thea-tocopherol plug-carotene group was 16% lowerprostate cancer among men whose dietary intakg-oérotene
(95% Cl = -41% to 20%), and in th@-carotene-alone group (1.66 mg/day) or fat (117 g/day) was below the median, whereas
was 20% higher (95% CE -13% to 66%). There was nono increased risk was observed at higher intake levels; these
effects were mutually independent. The supple-
mentation effects were also studied in quartiles of
dietary intake and serum level ef-tocopherol

and B-carotene at baseline. The results were in

---------- Alpha-Tocopherol (AT, 1 H : .
élBha(—)Tocoghe;gIéa)nd)Beta—Carotene (AT+BC) i line with the analyses based on medias.
——~ Beta-Carotene _J i

121 0 pRcebo (Placebo) ‘ — Carotene appeared to decrease the risk of prostate

cancer by 32% among nondrinkers, whereas
among drinkers, the risk seemed to increase 25%,
42%, and 40% by tertiles (limits, 7.3 and 22.9
g/day); the differences off-carotene effect be-
tween the four alcohol-drinking groups were not
significant @ for trend = .17).

Among recipients ofx-tocopherol, the rate of
prostatic hyperplasia diagnosed in the hospital
was 4% (95% Cl= -16% to 8%) less—and
) . . , hyperplasia caused 12% fewer visits to a physi-

0 1 2 3 4 5 6 7 cian (95% Cl= -22% to —1%)—than for non-

Year recipients. Men who receivefgi-carotene supple-
Number of subjects mentation had a 6% (95% CE -18% to 6%)
Al.sc e 7oL geel gres oere L 3% lower rate of hyperplasia diagnosed in the hospi-
Bocero o8 7077 6934 6770 5087 3813 1387 tal and made 5% fewer prostate-related visits to a
physician (95% Cl= -15%—-7%). Irrespective of
Fig. 1. Kaplan—Meier curves of the cumulative incidence (%) of prostate cancer, by initial intéd¢hether they remained in the trial, 917 men were
vention group. found during the follow-up to have prostatic hy-

Incidence (%)
o o o
S (o2 «©

<
o

o
o
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diagnoses of hyperplasia and cancer often oc-
curred during the same hospital stay in response
to the same symptoms, making the order of di-
agnoses hard to determine. Whietocopherol
1.0 may have retarded growth of the enlarged pros-
tate or relieved hyperplasia-related symptoms, a
diagnosis of prostatic hyperplasia at visits to a
physician during the study did not alter the vita-
min’s observed effect on prostate cancer inci-
dence (change in incidence when hyperplasia re-
ported, —38%; when not reported, —27®; =

.57). In a model with hyperplasia as the time-

. dependent covariate, the finding remained
- . ‘ __ Log-rank test: Chisq= 9.347 , P-value= 0.0022 similar. Serum prostate-specific antigen concen-
0 1 2 3 4 5 6 7 trations rose similarly during 3 years of supple-

Year mentation among 230 men randomly selected to
Number of cases either receivex-tocopherol or not (median values
A AT 8 N 38 1 2 18 3 from 1.23 to 1.61ug/L and from 1.11 to 1.42
E#mber ” Slﬂggtas 14096 13837 13513 11935 7577 2743 hg/L, respectively) of-carotene or not (median
no AT 14390 14126 13835 13499 11928 7584 2747 values from 1.32 to 1.72g/L and from 1.02 to
1.38 pg/L, respectively).
Fig. 2. Kaplan-Meier curves of the cumulative incidence (%) and annual number of prostate canceMNO difference was found between the 1-year
cases among participants who did or did not receistecopherol. incidences of prostate cancer after visits at which
skin yellowing was reported compared with visits
without such a report. Supplementation effects
did not change in models with skin yellowing as
15| — BetaCarotene (BC) a time-dependent covariate.
---------- No Beta-Carotene (No BC) .. .

No association was observed in the placebo
group between the baseline dietary intake or the
serum level of vitamin E oB-carotene and the
risk of prostate cancer (data not shown).

—— Alpha-Tocopherol (AT)
121 oo No Alpha-Tocopherol (No AT)

Incidence (%)
o <
[s2] [e=]

o
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o
[
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o
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Discussion

Long-term daily supplementation with 50 mg
of a-tocopherol was associated with a substantial
reduction in incidence of and mortality from
prostate cancer. This intriguing observation sug-
Log-rank test: Chisq= 2.913 , P-value= 0.088 gests that vitamin E has the potential to prevent

' ‘ one of the most common malignant tumors in the
North American and European populations.
Clinical prostate cancer probably develops in two
BCoe : 20 21 29 22 29 phases, fi_rst ir!to a f_ocal, latent cancer which then
Number of subjects changes into invasive, overt cand@5). Large
BCc 14381 14198 13817 13478 11838 7254 2799 differences have been reported in the incidence of
invasive cancer between populations, but not in
Fig. 3. Kaplan—Meier curves of the cumulative incidence (%) and annual number of prostate camgrt of Iaten.t cancet, WhICh suggests tha_t external
cases among participants who did or did not rec@wearotene. factors are important in the transformation from
latent into more aggressive, clinical can¢er3).

An alternative hypothesis assumes the existence
perplasia as their hospital discharge diagnosis. Hyperplasia afitvo types of focal prostate cancer, one truly latent and another
cancer diagnoses were present together more often than raalignant from the onset but detected at an early stadgg. In
pected based on age-specific rates, occurring together in 63 nttés study, a reduction in clinically overt cancers appeared soon
as opposed to an expected number of eight (Table 4). The rater the onset of supplementation, suggesting drttcopherol
jority of these men were diagnosed with latent (stage 0-I) praafluences the transformation phase of cancer from latent to
tate cancers; in contrast, cancers were latent in only one tentleiical. a-Tocopherol had no effect on advanced prostate can-
those men diagnosed with prostate cancer and who did not e&f, since the time from diagnosis of clinical prostesscer to
hibit prostatic hyperplasia. The observation of supplementatideath was not lengthened compared with nonrecipients.
effects was based primarily on those patients with prostate can-Caution should, however, be exercised when interpreting the
cer who lacked any indication of prostatic hyperplasia. Joifihdings of this study. Nominally significant chance findings

o
o

Incidence (%)

o
'S

o
b

154
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Table 2. Clinical stages of prostate cancer according to supplementation*

Supplementation

a-Tocopherol, No a-Tocopherol, B-Carotene, No B-Carotene,
Staget Total No. of cases (%) No. (%) No. (%) No. (%) No. (%)
0 12 (5) 7(7) 5(3) 7 (5) 5(4)
| 42 (17) 19 (19) 23 (16) 18 (13) 24 (22)
Il 81 (33) 27 (27) 54 (37) 49 (36) 32(29)
1 26 (10) 13 (13) 13 (9) 14 (10) 12 (11)
\Y 83(34) 31(31) 52 (35) 46 (34) 37 (34)
Uncertain 2(1) 2(2) 0(-) 2(2) 0(-)
Total 246 (100) 99 (100) 147 (100) 136 (100) 110 (100)

*Includes 123 cases with inadequate clinical information on the status of regional lymph nodes or presence of distant metastases; these cases are classified to
free of lymph node involvement or metastases.
tStaging based on the 4th Edition of thenerican Joint Committee on Cancer Manual for Staging of Caiit892).

Table 3. Percent change in the adjusted risk of prostate cancer after tential source of bias in end point assessment is an effect of
Iong-t_erm supplementati_on witdn-tocophgrol or3-carotene, straFified by_ the a-tocopherol on prostatic hyperplasia. If supplementation with

median values of baseline characteristics, itialues for the interaction —_tcopherol retards enlargement of the prostate, relieves clini-
between the supplementation effect and the stratified characteristic . . .

cal symptoms of prostatic hyperplasia, or does both, men receiv-

ing it would be less frequently subjected to tests that might also

Change during Change during

Og'ﬁoc?g:éﬁ’_' fdcalfgrtsgs_ lead to a diagnosis of prostate canceiTocopherol supplemen-
Characteristic taﬁgn,*% = taﬁgn'*% p tation was indeed associated with a statistically significant
(12%) reduction in visits to a physician for prostatic hyperplasia.
Agfs';’ _30 84 63 21 Nevertheless, the effect ef-tocopherol on prostate cancer in-
=57 34 ' 12 " cidence was similar among men who had visited a physician
Education during the study prior to the cancer diagnosis and among those
Less than junior high school -37 .30 19 52who had not. Second-tocopherol had much less, if any, effect
Junior high school or more -11 48 on the rate of prostatic hyperplasia diagnosed in the hospital.
Vitamin E intake, mg/day Third, the increase in serum prostate-specific antigen during
;11%_33 :ig 38 556 13 supplementation was similar among the men who did or did not

. receivea-tocopherol, suggesting similar progression of prostatic
B-Carotene intake, mg/day . . -
<1.66 —52 09 72 04 hyperplasia. Finally,a-tocopherol reduced the incidence of

=>1.66 -24 0 clinical cancers but had no effect on latent cancers, which were
Total energy intake, kcal/day more often detected incidental to a urologic examination in

<>227722% :g? 93 524 12 which prostatic hyperplasia was recorded.

e Bias in the diagnosis of prostate cancer may arise if trial
Toialllf;’“ intake, g/day _a3 53 26 o1 Supplementation affected urinary symptoms and subsequent

=117 -43 -10 medical contacts. This is not, however, plausible, since patients

Seruma-tocopherol, mg/L with prostate cancer who receiveegtocopherol were diagnosed
<115 -35 77 31 .66 while visiting a physician for urinary symptoms as often as

=115 ~30 1 patients who did not receiwe-tocopherol. Bias may appear due
Serump-carotenepg/L to differences in diagnostic procedures, but no indication of this

<171 -35 75 41 .35 ;

=171 -30 11 was found between the supplementation groups. The use of a
Cigarettes/day prostate-specific antigen as a diagnostic tool could not explain

<20 -25 15 16 41 the results, because only one case was detected initially by rou-

=20 -51 48 tine screening.

Years of smoking The statistically significant decrease in prostate cancer mor-
<>33% _;g 05 f’? 60 tality also suggests a true effect @ftocopherol. Ascertainment
- . bias is least likely in cases of death due to prostate cancer, since
Body mass index, kg/f . .
<26 _38 59 18 67 the cases have hardly been missed or overdiagnosed. Also, pos-
=26 -29 32 sible bias due to differences in therapy is unlikely, since surgery
and other therapies were equally distributed in the supplemen-
tation groups among those who died of prostate cancer.

No association was present in the placebo group between the
baseline serum concentration@tocopherol, the dietary intake
may arise when multiple comparisons are performed, as are dofi@itamin E, and the risk of prostate cancer. This finding is in
here. An effect due to selection bias is not likely in a large tri@igreement with earlier epidemiological studies focusing on se-
that has successful randomization and exhibits similar complism or dietary vitamin E and the subsequent risk of prostate
ance and dropout rates across the intervention groups. One gancer(18—-22) However, one recent studi23) reported that

*In each category, the 95% confidence intervals overlap.
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Table 4. Diagnosis of prostatic hyperplasia in hospital and prostate cancer according to long-term supplementatistoedtiherol ang-carotene

Supplementation

Diagnosis Total a-Tocopherol Noa-tocopherol B-Carotene N@3-carotene
Prostatic hyperplasia without prostatic cancer
No. 854 418 436 413 441
Rate 5.11 5.00 5.22 4.95 5.27
Prostatic hyperplasia and prostate cancer
No. 63 33 30 29 34
Rate 0.37 0.39 0.35 0.34 0.40
Latent, % 54
Prostate cancer without prostatic hyperplasia
No. 183 66 117 107 76
Rate 1.08 0.78 1.38 1.27 0.90
Latent, % 11

*Number of cases and rates per 1000 person-years.

low plasma vitamin E levels in smokers were associated with iand prostate cancer incidence have shown either an inverse re-
creased mortality from prostate cancer after a 17-year follow-ujationship or no associatia20,43).In the placebo group of this
Mechanisms by whiclw-tocopherol supplementation mightstudy, baseline dietary intake or serum levelefarotene and
prevent the development of clinical prostate cancer can only pstate cancer incidence were not statistically related.
speculative(24,25). The antioxidant property of vitamin E pre- There was a trend of increased prostate cancer risi-by
vents the propagation of free radical damage in biologic memarotene supplementation among alcohol drinkers compared
branes and to critical cellular structures like DNA and proteingith nondrinkers, but the difference was statistically non-
Supplementation for a mean of 4.5 years with selenium, a tragignificant and there were only 29 cases among 3029 nondrink-
element with indirect antioxidant properties, was associated wWighs. A similar finding has been reported for lung can@t7).
a 63% lower incidence of prostate can¢26). Vitamin E may There is no obvious mechanism to explain how alcohol and
also protect against cancer by enhancing immune functions. Bicarotene together could increase the cancer risk.
nally, vitamin E has been reported to lower the activity of pro- |n conclusion, the incidence of prostate cancer decreased sta-
tein kinase C, a cellular signal transducer that regulates Gﬁ‘é‘tically significantly, by approximately one third, in subjects
prolifera'tion(25).|n addition, protein kinase C may mediate th‘?eceiving 50 mga-tocopherol daily. A similar reduction was
contraction of prostate smooth muscle cells that leads t0 $€served in prostate cancer mortality. Supplementation with 20
symptoms of bladder outlet obstructi¢2i’); reduced activity of mg B-carotene was associated with a smaller increase in the

protein kinase C could thus explain the decrease in physiCigfhstate cancer incidence, but this was not statistically signifi-

visits due initially to prostatic hyperplasia. cant. Before vitamin E can be recommended for prostate cancer
Prostate cancer incidence was 23% higher among men ‘”ﬂ}gvention further clinical trials are needed

received3-carotene compared with those who did not. A similar
increase occurred in both clinical cancers and in prostate can erf
mortality. These effects are unlikely to have been biased erences
selection or end point assessment. About 34% of the participants _ o _
who were supplemented Wit{Bv-carotene reported skin yellow- (1) Muir CS, l.\lecto.ux _.J, Staszewskl J. The epidemiology of prostatic cancer.
ing at least once during the trial Compared with 7% of those nOE Geographical distribution and tlm_e-trends. Acta Oncol 1991,39.133—40.
L. . . . (2) Nomura AM, Kolonel LN. Prostatic cancer: a current perspective. Epide-
receivingB-caroteng8). Self-perceived skin yellowing seemed, ™ . ' 5o\ 1991-13:200-27
however, not to be associated with the risk of prostate cancey) gittes RF. Carcinoma of the prostate. N Engl J Med 1991;324:236-45.
during the 12 months subsequent to its perception. The observ@y Boyle P, Zaridze DG. Risk factors for prostate and testicular cancer. Eur J
effect of B-carotene did not change when skin yellowing was Cancer 1993;29A:1048-55. ' _ _ _
controlled taking it into account as a time—dependent covariatéS.) Bosland MQ. The etiopathogenesis of prostatic cancer with special refer-
Th it i likelv that the i d incid f tat ence to environmental factors. Adv Cancer Res 1988;51:1-106.
us, ItIS unlikely that the increased Incl .ence Orprosta e_ CarEG) Pienta KJ, Esper PS. Risk factors for prostate cancer. Ann Intern Med
cer amongpB-carotene supplemented subjects would be biased 1993:118:793-803.
due to skin yellowing. (7) The Alpha-Tocopherol, Beta-Carotene Lung Cancer Prevention Study: de-
In two other large chemoprevention trials, the Beta-Carotene sign, methods, participant characteristics, and compliance. The ATBC Can-
and Retinol Efﬁcacy Tria(l?) and the PhySiCianS, Health StUdy (8) (':I'ireperf?eftn(t)i?\r/]ititmuidnySgizpbggncgr‘giir:igLﬁazzliﬁiz_ei%e of lung cancer
(28)’ supplgmentatlon Wl_t'ﬁ"_camtene hac_j no effeCt_ on prQState and other cancers in male smokers. The Alpha-Tocopherol, Beta-Carotene
Canc?r.mC'dence- The findings from ep|dem!0|09|c studies are cancer Prevention Study Group. N Engl J Med 1994;330:1029-35.
conflicting, however. Some case-control studies have reported® Albanes D, Heinonen OP, Taylor PR, Virtamo J, Edwards BK, Rautalahti
positive association between vitamin Aicarotene intake and M, et al. a-Tocopherol ancB-carotene supplements and lung cancer inci-
the risk of prostate cancer particularly among men aged 70 dence in the Alph-Tocopherol, Beta-Carotene Cancer Prevention Study:

. i effects of base-line characteristics and study compliance. J Natl Cancer Inst
years or olde(29-33),while others have found no association or ;| goc aa-1560-70 y comp

even protectior(34-38).This inconsistency extends to follow-(10) pietinen P, Hartman AM, Haapa E, Rasanen L, Haapakoski J, Palmgren J,
up study findings(39-42). Studies on serun-carotene level et al. Reproducibility and validity of dietary assessment instruments. 1. A
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